A central aspect of the Water Framework Directive 2000/60/EC addressed to Member Countries is to proceed to type-specific ecological assessment and classification by establishing typology systems. Sixty-four permanent stream sites distributed throughout mainland Greece and islands were assessed with macroinvertebrate indicators to evaluate their ecological quality. Local and catchment scale parameters were determined and recorded to obtain an integrated assessment of the main factors affecting stream integrity and macroinvertebrate communities. Twenty-three sites were classified as reference or good status in terms of biological, chemical and hydromorphological quality with the use of various metrics. Multivariate statistical techniques were performed (MDS, BIOENV, correlation analysis and PCA) to investigate the main environmental factors structuring benthic macroinvertebrate communities and to select candidate environmental variables for establishing a biotic typology for Hellenic rivers. The results revealed relatively distinct macroinvertebrate communities within defined abiotic zones of the country. Assemblages of macroinvertebrate fauna were most strongly associated to differences in geographical position, altitude, slope, catchment area, current velocity, conductivity and water temperature. In view of the lack of sufficient data at the country level on the three last variables and after considering cause-effect relationships between large scale variables and the latter, it has been demonstrated that a number of catchment scale variables could be used as robust surrogates.
Introduction
Over the last decades, benthic macroinvertebrates have been the most commonly used group for the assessment of anthropogenic impacts on the quality of surface waters (Hellawell 1986; Rosenberg and Resh 1993) . Many stream assessment methods based on macroinvertebrates have been developed worldwide and are a preferred means of assessing aquatic quality (Metcalfe 1989; Rosenberg and Resh 1993) .
Assessment and classification systems are often based on the differences between expected faunal assemblages (those found in undisturbed or minimally disturbed, i.e. reference sites) and those observed (Wright et al. 1994) . Losses of expected macroinvertebrate fauna therefore confirm the presence of stress. Undisturbed or minimally disturbed environments are suitable for the detection and prediction of faunal assemblages (Reece and Richardson 2000) and are ideal in identifying 'background' macroinvertebrate assemblages and the specific environmental variables that influence macroinvertebrate species assemblages. The same rationale applies also for hydrochemical and hydromorphological aspects. However, undisturbed running waters, with different environmental characteristics (geographical, climatic and catchment related), reveal faunal variability (Armitage et al. 1983) . These distinct running waters should hence comprise different types, with specific faunal composition. A central aspect of the Water Framework Directive (WFD) (2000/60/EC) is to proceed to type-specific ecological assessment and classification. The WFD defines a European typological framework for assessing the ecological quality of streams, which is based on a fixed typology including catchment size, geology and altitude (system A) or alternatively involves as obligatory variables latitude, longitude, altitude, catchment size and geology and a number of optional variables (system B).
Patterns of macroinvertebrate community structure and diversity in undisturbed running waters (i.e. reference conditions) are explained by a combination of various environmental factors. These factors include water temperature (Jacobsen et al. 1997) , stream size (Wright et al. 1984) , substrate composition and land use (Thorpe and Lloyd 1999; Miserendino 2001 ) and stream hydraulics (Statzner and Higler 1986) . In many parts of the world, however, organic pollution and agricultural activities are the main factors determining the abundance and diversity of stream biota (Dance and Hynes 1980; Richards et al. 1993; Karaouzas et al. 2007 ) and hence undisturbed sites, especially in the lowlands, are limited.
For this study, reference and good sites (defined as those being undisturbed or slightly disturbed by anthropogenic activities) classified according to the classification scheme defined by the WFD (see Section ''Results'') were selected. The aims of this study were: (a) to investigate and describe the macroinvertebrate community structure in undisturbed or minimally disturbed sites, (b) to assess the relationships between environmental variables and macroinvertebrate structure and distribution, at different levels of spatial scale (from reach-scale to catchment area) and (c) to examine whether the existing abiotic zonation reflects biological data. The prospective goal of this study was to select candidate environmental variables to establish an initial biotic river typology in Greece for the purposes of the WFD.
Methods and materials

Study area
Greece is a small Mediterranean mountainous country with an area of ca 132,000 km 2 and is divided in mainland and surrounding island complexes. As a consequence of its geologically recent morphology, Greece is characterised by a multitude of basins drained mainly by small and medium sized rivers (Skoulikidis et al. 1998 ). In total, there are 45 officially recorded rivers that are registered as permanently flowing (Ministry for Development 2003). Lotic environments in the entire country range from small streams in the highlands and in semi-arid grasslands and islands, to medium and large rivers and from ephemeral streams to perennial rivers with runoff of several km 3 /year. According to Skoulikidis et al. (2004) , three geographical zones (Fig. 1) , named as geo-chemical-climatic zones, with distinct climatic, geological and hydrochemical features divide the country: the north-eastern zone (zone 1), which is identical to ecoregion 7 (Illies 1978) , the north-central zone (zone 2) and the south-western zone (zone 3), which divide ecoregion 6. The zones have been distinguished based on the hydrochemistry of major rivers and have been validated also for small/ medium sized rivers (Skoulikidis et al. 2006) .
Considering major Greek rivers, zone 1 includes rivers with medium hard waters, zone 2 is characterised by ARTICLE IN PRESS Fig. 1 . Map showing all the sampling sites assessed during the AQEM and STAR projects. The numbered sites indicate the 23 sampling sites that were classified as reference or good. The small map at the right-hand-side corner presents the two ecoregions according to Illies (1978) , with an added line that distinguishes the three geo-chemical-climatic zones (Skoulikidis et al. 2004 (Skoulikidis et al. , 2006 . Circles represent AQEM sites and stars STAR sites. Rivers (stream sites): 1, Fonias; 2, Tsivdogianni; 3, Vospos; 4, Arkoudoremma; 5, Diavoloremma; 6, Prasinada; 7, Poroia; 8, Lygos; 9, Aliakmon (Pisoderi); 10, Aliakmon (Adartiko); 11, Aliakmon (Gavros); 12, Aliakmon (Melas); 13, Aoos; 14, Gorgopotamos; 15, Krathis; 16, Lousios; 17, Steno; 18, Tsouraki (1); 19, Tsouraki (2) ; 20, Neda (Eira); 21, Neda (Marina); 22, Kokkoremma; and 23, Sianitis.
hard water rivers, with high magnesium content, while rivers in zone 3 are characterised as diluted (Skoulikidis 2000) . These zones are simultaneously characterised by different geological (Fig. 2) and climatic features. Zone 1 is of an acid silicate type, zone 2 belongs to a mafic silicate type, whereas zone 3 is characterised as a carbonate type zone (Skoulikidis 2000) . Regarding climatic conditions, zone 3 is marked by maximum rainfall, while zone 2 by minimum one, whereas zone 1 has minimum air temperature (Mavromatis 1980) . In addition, a southward, and a less significant eastward, increase in evapotranspiration is evident (Dalezios et al. 2002) . Finally, as a result of the climatic conditions, zone 3 is characterised by poor, leached soils (Nakos 1984) .
Field sampling and data collection
Sixty-four stream sites distributed throughout Greece were sampled in summer and winter within the framework of two EU R&D programs; AQEM (The Development and Testing of an Integrated Assessment System for the Ecological Quality of Streams and Rivers throughout Europe using Benthic Macroinvertebrates) (Hering et al. 2004 ) and STAR (Standardisation of River Classifications: Framework method for calibrating different biological survey results against ecological quality classifications to be developed for the Water Framework Directive 2000/60/EC) (Furse et al. 2006) . Following assessment and classification procedures that are described further in the text (Section ''Site classification'') in combination with the guidelines of RE-FCOND (2003) for establishing reference sites, 23 stream sites were classified as undisturbed (Fig. 1) 
Site classification
For the selection of references sites, only hydromorphologically (assessed using River Habitat Survey, Raven et al. 1998 ) undisturbed sites were selected. In addition, a pre-classification of references and good sites was conducted according to land use criteria (AQEM Consortium 2002; REFCOND guidance 2003) . Thus, sites with minimal or no any anthropogenic pressures on their catchments were initially chosen as undisturbed. For the final classification of reference and good sites, biological and chemical quality elements should meet high status. Sites were biologically classified by means of several European biotic (BMWP, ASPT, IBMWP, BBI and IBE) and diversity (Shannon's Diversity Index) indices by averaging (ECOSTAT 2003) . In addition, the Greek Biotic Metric (BMG) was used that represents Greek environmental and fauna conditions (Skoulikidis et al. 2004 ). For chemical classification, a Nutrient quality Classification System (NCS) developed for small/medium sized Greek rivers (Skoulikidis et al. 2006) as reference only when biological and chemical criteria met reference conditions. In addition, sites classified as good with biological criteria, were ecologically termed as good only when their chemical status was reference or good. In one case, a site (11) that was chemically classified as moderate was included (Table 1) . Finally, sites that were termed biologically as moderate were excluded from further evaluation even when their chemical quality was good.
Data analysis
To identify groups of sites with similar environmental characteristics, nonmetric multidimensional scaling (MDS) (Kruskal 1964) was performed using all environmental variables recorded. To standardise the variables, environmental data were log-transformed.
In order to distinguish groups of sites with similar biotic characteristics, MDS was carried out using faunal data. Prior to MDS, taxa which accounted for less than 0.3% of the total species abundance were excluded from the analysis. In addition, taxa with abundances exceeding 0.3% but occurring only in one or two sites were also excluded (e.g. Cordulegastridae -0.6% at 1 stream site only). In contrast, taxa with abundances less than 0.3% but commonly distributed (i.e. 7-10 sites) were retained. This procedure was performed to avoid ''dilution'' of species that are uncommon and may influence statistical analysis (Clarke and Warwick 1994; Legendre and Legendre 1998) .
The following statistical techniques were performed to reveal those environmental variables that structure macroinvertebrate communities. Prior to this and to avoid redundancy, environmental variables were tested using a correlation analysis and one out of two dependant variables which showed pair-wise significant correlations was excluded from further analysis.
(1) A principal component analysis (PCA) was run with the reduced set of macroinvertebrate families. (2) A Pearson product-moment correlation analysis with the reduced set of environmental variables, including also the first two axes of the PCA. (3) The BIOENV method (Clarke 1993; Clarke and Ainsworth 1993) 
The sites were hydromorphologically classified as reference (R, reference; G, good; M, moderate). a DO, dissolved oxygen.
used to perform permutation tests on environmental variables for determining which variables produce the highest correlation with biological data. Before applying the method, the environmental variables were log-transformed and were categorised with Euclidean similarities while macroinvertebrate data were square root transformed and categorised using Bray-Curtis similarities. Then, the data matrices were analysed with BIOENV, calculates Spearman rank correlation between these two matrices.
Results
Site classification 
Description and analysis of environmental characteristics
Stream sites and respective catchments varied in climate, size, habitat water quality, hydromorphology, geology and land use characteristics. Correlation analysis showed significant pair-wise correlations among seven environmental variables and thus, from the original 72 environmental variables, 65 were retained into the analysis. For example, water hardness which was highly correlated with conductivity (r 2 ¼ 0.97), was excluded, while conductivity was retained. Similarly, alkalinity was used instead of calcium and magnesium. Hence, 65 environmental variables were combined in an MDS (Fig. 2) . In general, the 23 sites conformed to three main river groups with distinct environmental characteristics that fitted the three geo-chemical-climatic zones of Greece as described by Skoulikidis et al. (2004) . Two streams (22 and 14) appeared to be misplaced. Table 2 presents the environmental characteristics of the three river zones. All catchments are small sized (o100 km 2 ) except for one in each zone that is mid-sized (100-1000 km 2 ). Concerning river bed composition, cobble material predominated, followed by boulders. Sand and silty/clayely material and emergent macrophytes were minimally represented. The vast majority of the catchments (16 out of 23) were of high altitude (4800 m) and the rest of mid altitude (200-800 m).
Generally, zone 2 is characterised by more mountainous catchments than zone 3. Magmatic and metamorphic (mainly acid) silicate rocks predominate in zones 1 and 2, while zone 3 catchments are characterised by the predominance of carbonates and flysch/molassic deposits. Forest areas dominate zones 1 and 2 and grassland/bushland/macchie prevail in zone 3. The average discharge was maximum in zone 3 (however with high variability), followed by zone 2. Water temperature was much higher in zones 1 and 3 than in zone 2. The same also applied for sulphate concentrations. Alkalinity, total hardness and hence mineralisation was clearly increasing towards zone 3.
Structure and diversity of the macroinvertebrate fauna
A total of 90 families and 6316 individuals were collected from the undisturbed sites. Baetidae, Chironomidae, Elmidae, Ephemerellidae, Heptageniidae, Limoniidae, Hydropsychidae, Hydraenidae, Rhyacophilidae and Nemouridae were the most common families (in terms of presence). Baetidae was the most abundant family accounting for 21% of the total taxa collected, followed by Elmidae (7.6%), Heptageniidae (6.8%), Chironomidae (5.7%), Hydropsychidae (5.3%) and Nemouridae (4.1%). These eurytopic and generalist families occurred in almost every habitat type, thus showing wide distribution.
In general, MDS ordination of the taxa at the 23 sites indicated correspondence with the three geo-chemicalclimatic zones (Fig. 3) . However, four sites did not correspond to the abiotic zonation as they comprised different macroinvertebrate communities. In all zones, generalist taxa dominated, however differences between zones were observed for taxa that were less common with lower abundances. Among the 45 families contributing to the analysis, zone 2 had the highest families' abundance whereas families in zone 1 were the least abundant. Among the common families of all zones, families of zone 2 were markedly more abundant than those of the other zones. Overall, warmer and lower altitude streams sites with a higher proportion of aquatic macrophytes, supported more families of Odonata, Heteroptera, Diptera and some Coleoptera. Several families of Trichoptera, Ephemeroptera and Plecoptera were restricted to highland forested catchments, mainly in zone 2. Some taxa such as Taeniopterygidae, Leptophlebiidae and Ephemeridae showed distinct preferences in their distribution by being either absent from island streams or from lower altitudes.
Relationships between macroinvertebrates and environmental variables
Ordination of macroinvertebrate data with PCA showed that the first three PCA axes accounted cumulatively for 40% of the total species variance.
The first PCA axis accounted for 20% of the total variance and the second axis for 10%. These two axes were combined with all environmental data into a Pearson product-moment correlation (Table 3) to investigate significant environmental variables associated with the macroinvertebrate taxa. The results of the correlation analysis (Table 3) indicated that the first biotic axis was mainly correlated with water temperature, longitude, catchment and site altitude, slope of valley floor, substrate composition, pH and conductivity while the second biotic axis was mainly correlated with silicate.
Significant environmental variables obtained from the correlation matrix (Table 3) , i.e. longitude, latitude, site and catchment altitude, catchment area, slope of valley floor, current velocity, conductivity, water temperature together with land uses and catchment geology were combined into the BIOENV procedure against 
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Discussion
Site classification Table 1 presents a number of stations, that although termed biologically as reference or good, revealed lower quality concerning chemical elements. The relatively high nutrient concentrations at these sites were attributed to forest organic matter mineralisation processes (Skoulikidis et al. 2006) . Moreover, the relatively low dissolved oxygen concentration in sites 12 and 22 was attributed to hydrological features (depositional zones), which combined with the availability of forest soil nutrients, promoted the development of macrophytic vegetation and the dominance of photosynthetic activities. Site 11 with a good biological quality and a moderate chemical quality has been ecologically classified as good (and not as moderate) because the site was not hydro-morphologically altered, its physicochemical conditions ensured ecosystem functioning and specific pollutants were not expected to be present. Finally, good and reference sites were not differentiated in the MDS (Fig. 3) , thus justifying the inclusion of good sites in the typological assessment.
Relationships of environmental variables and macroinvertebrate assemblages
Overall, the three zones presented a relatively distinct macroinvertebrate community structure (Fig. 3) . Faunal distinction between zones is attributed to environmental differences, i.e. climate, geology, catchment altitude, water temperature, water discharge, geology, shape and width of the floodplain and river bed, etc. (Table 2 ). The first PCA axis represented a relatively small proportion of the total variance (20%). Hence, pair-wise cross correlations between this biotic axis and environmental variables refers only to one-fifth of the faunal abundance. In contrast, BIOENV results which refer to the total faunal abundance showed statistically important associations. Statistical analyses showed that large-scale variables such as location, catchment area, altitude and slope and reach-scale variables such as water temperature and mineralisation, current velocity and substrate composition were the major environmental factors influencing macroinvertebrate assemblage and diversity patterns in undisturbed Greek running waters.
These findings are consistent with other related studies, which have shown numerous environmental variables explaining major macroinvertebrate assemblage and diversity patterns. These factors include latitude and longitude (Oswood 1989; Miserendino 2001) , altitude (Ward 1986; Jacobsen et al. 1997; Miserendino and Pizzolo´n 2000; Miserendino 2001; Soldner et al. 2004 ), water temperature (Jacobsen et al. Fig. 3 . MDS ordination of macroinvertebrate families at the 23 sampling sites. Taxa were square root transformed prior to analysis. The sites can be divided into three groups that fit the three abiotic zones of Greece (Skoulikidis et al. 2004) , although four sites (23, 13, 22 and 15) geographically do not conform to this zonation; stress (0.15). 1997), stream size (Wright et al. 1984) , substrate composition (Culp et al. 1983; Minshall 1984; Gore et al. 2001) , land use (Thorpe and Lloyd 1999; Miserendino 2001 ) and stream hydraulics (Statzner and Higler 1986; Hynes 1970; Malmqvist and Ma¨ki 1994) . Sandin and Johnson (2004) have shown the importance of local variables such as substrate, in-stream and riparian vegetation and some chemical variables together with large-scale variables in explaining the variance of macroinvertebrate assemblages. Finally, the UK river invertebrate prediction and classification system (RIV-PACS) uses a concept in which reference state is predicted for a specific site, deducted from the values of environmental factors (Wright et al. 2000) . The predictor variables include geographical coordinates, air temperature, site altitude, distance from source, slope, discharge, stream dimensions, substrate composition and alkalinity (Clarke et al. 2003) .
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Selection of appropriate abiotic variables
The prerequisites and criteria in establishing a biotic typology should include the following aspects: (a) the selected group of environmental factors should determine faunal assemblages and should not be influenced by any pressures, (b) factors should not be redundant, (c) the number of factors should be small in order to avoid a high number of types, which is difficult to manage and (d) factors should be available or easily measured.
In Greece, there is a lack of physicochemical and hydromorphological data concerning the majority of small/medium sized rivers (Skoulikidis et al. 2006) . As a result, the selection of reach scale environmental factors is restricted and variables such as water temperature, current velocity, conductivity, habitat composition (in the current state of the establishment of a typology system) have to be excluded. In contrast, it is possible to access catchment-scale environmental factors, such as catchment size and geology, altitude and slope, by GIS applications. Although according to Hawkins et al. (2000) , reach-scale characteristics lead to greater accuracy in predicting freshwater communities than largescale ones, the latter are driving reach-scale features and habitat composition and thus aquatic community structure (Minshall 1988; Molnar et al. 2002) . For example, water temperature correlates with catchment altitude (r ¼ À0.75). It depends on the geographical location, i.e. longitude (r ¼ 0.60) and relates to hydrogeological features that are governed by geology and slope (r ¼ À0.70). Hence, the coordinates of a site, catchment altitude, and slope could be used as substitutes for water temperature.
Finally, six main environmental variables were selected for establishing an initial biotic typology in Greece being longitude and latitude, altitude, slope, catchment area and geology, which are briefly explained below.
Longitude and latitude
Longitude and latitude affects the climatic features of a site. Calcareous rocks dominate in western and southern Greece, while silicate rocks dominate in the northeastern part of the country. Consequently, river chemistry shows distinct geographical variation (Skoulikidis et al. 2006 ).
Altitude
In Greece, altitudinal variations affect air temperature and precipitation more than latitudinal ones (Mavromatis 1980) . Altitude drives stream water temperature and affects dissolved oxygen content (Skoulikidis et al. 2006) . Finally, altitude proved to influence biotic assemblages as it was correlated with the first biotic axis of the PCA (Table 3) .
Slope
As a result of hydrogeological drivers, valley floor slope is correlated with water temperature (Skoulikidis et al. 2006 ). Slope controls current velocity, sediment transport and drive substrate and habitat composition. Suspended sediment can have both a direct effect on aquatic life through damage to organisms and their habitat and an indirect effect through its influence on turbidity and light penetration (Walling and Webb 1996) . In steep small/medium Greek catchments bedrock outcrops and coarse riverbed material dominates, while low grain size riverbed material is connected with flat catchments with high pool percentage and the presence of macrophytic vegetation and organic debris (Skoulikidis et al. 2006) . Reach scale characteristics are more important in explaining faunal assemblages (Hawkins et al. 2000) and thus valley slope is preferred instead of catchment slope. As a result of the high morphological variability in Greek territory, it is expected to differentiate three slope categories.
Catchment area
The magnitude of a drainage basin determines discharge and channel size (Church 1996) . Catchment area in Greek rivers additionally controls suspended solids (Skoulikidis 2000) . Valley floor slope and substrate composition are also affected by the catchment area; usually small streams have mountainous steep catchments and flow rapidly through bedrock and coarse material (boulders, pebbles, cobbles). In contrast, downstream reaches of large streams are covered by sand and silt. Hence, catchment area controls discharge, hydrochemistry, landscape and habitat features, which all in turn influence benthic fauna.
Geology
Based on the statistical analyses, geology was not selected as a driving factor for faunal assemblages. Nevertheless, the permeability and erodibility of bedrock indirectly affects a number of environmental characteristics, i.e. landscape and habitat type, hydrogeological and thus hydrological features, stream hydrochemistry and water temperature. For example, in zone 1 silicate catchments, where stream flow is mainly overland flow, the ratios between spring/summer and spring/winter discharge are very high. In carbonate catchments (distributed mainly in zone 3) where karstic hydrogeology prevails, seasonal hydrological and water temperature variations are smoother and the mean annual water temperature is higher (Skoulikidis et al. 2006) . According to systems A and B of the WFD, we tend to include coarse geological features, such as calcareous and silicate rocks or permeable-impermeable rocks, in the typology system.
Conclusions
Given the high diversity conditions of the country and the restricted number of appropriate sites, the challenge was to develop a typology scheme that adequately partitions biological variability and yet utilises a minimum number of easy to obtain environmental variables. The similarity between reference and good sites in faunal assemblages justifies the inclusion of the good sites in the procedure. Linking macroinvertebrate communities with abiotic variables in undisturbed sites has been proved to be a feasible task. However, it should be noted that although the sites considered in this study were distributed throughout Greece, some parts of the country (e.g. the highlands of Pinios and Acheloos River systems) have not been included in the AQEM and STAR databases. Furthermore, reference and good sites are generally restricted mainly to mountainous streams. These constraints could have affected the outcomes of this study.
Based on environmental features, rivers were categorised into three groups which corresponded to the three geo-chemical-climatic zones of the country. Overall, these zones presented relatively distinct macroinvertebrate community structures. In order to reveal whether these groupings predominately reveal zonation differences or they are also affected by local catchment features, this result needs further validation by considering additional undisturbed streams.
According to the analysis, the provisional abiotic variables on which an initial biotic typology for Greek running waters will be based will include: geographic position, catchment area, altitude, slope and geology. Given the present state of ecological quality assessment in Greece, it could not be expected to establish an optimal typology. The typology system proposed can be perceived as provisional. However, it is a useful start for implementing the WFD in Greece. When supplementary ecological quality data from undisturbed sites become available during the implementation of the WFD, the present typology system will be adapted and refined.
